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Foreword

This project was performed under the auspices of the National Shipbuilding Research
Program with the direction of the SNAME Panel SP-1. Thisreport is the result of ayear-
long study of the methods, design and programming for a generalized shipyard hazardous
materials tracking system. The approach was to use the most modern, flexible and powerful
software/hardware tools available--IBM PC network environment with the associated
software database products.

We would like to express our thanks to Lyn Haumschilt and T. Michael Chee of the National
Steel and Shipbuilding Company (NASSCO) in San Diego for their continued support and
encouragement; to Don Johnston and Gary Higgins of Peterson Builders, Inc. (PBI) in
Sturgeon Bay, Wisconsin and all the other shipyards that provided the details of shipyard
operation. One of the appendices lists the numerous companies and individuas who without
their help this project would not have been a success.
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Executive Summary

In the 1970s and 1980s, the shipbuilding industry lost some of its competitive edge to
overseas shipbuilding and repair operations. Several things can be done to restore the
industry to its proper place in the world market. One way isto be smarter in utilizing
computers. Most shipyards now possess the hardware and software but have only begun to
use these resources to solve problemsin the production arena. Computers no longer need to
be restricted to offices; they can now become an integral part of the shop floor supervision
and management tasks.

This report details the development of the Hazardous Materials Tracking System (HMTYS).
Other possible enhancements or additional modules (e.g. advanced labeling systems, MSDS
scanning modules, live shipyard installation) are suggested, and a summary of these
enhancements is detailed in the conclusion.

A magjor reason for the increased attention on hazardous chemical tracking was the passage of
the Superfund Amendments and Reauthorization Act (SARA) and its predecessor, the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA).
Shipyards quickly became targeted by local environmental groups because of their location to
scenic harbors and the potential for environmental damage to these areas from daily
hazardous materials use. The level of detail now required for reporting the quantities and
locations of hazardous materials to local, state and federal agencies requires nothing short of
a computer system with modem software and hardware tools.

This report details the development process. hardware environment, database tools, chemical
database selection, bar code scanner, printer selection, database design, program
devel opment/debugging and user interface.

A complete user’s manual is included as one of the appendices. This manual includes

installation, operation and maintenance. HMTS can run either asasingle or multi-user PC
compatible network application.
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Approach

Before any computer programming was done, several other major tasks had to be completed.
These preliminary tasks included: shipyard visits, determination of hazardous material
regulation and reporting requirements for the shipyard environment; choosing computer
hardware and software; choosing bar code scanning and printing hardware/software; and
selection of database design.

Shipyard Visits

Two shipyards were visited: Peterson Builders, Inc. in Sturgeon Bay, Wisconsin and
NASSCO in San Diego, California. They provided an understanding of the maor operations
and components of typical shipyard environmental practices. Time and budget restrictions
prevented visits to any other shipyards. However, it isfelt that these two yard visits, along
with the feedback from presentations at panel meetings, gave us enough information to
design a fully SARA-compliant Hazardous Materials Tracking System. Discussions with
environmental managers at other shipyards and feedback from demonstration diskettes helped
make up the difference. In addition, visits to local non-shipyard industries gave us more
insight into the handling and tracking of hazardous materials. An attempt was made to focus
on those companies that made use of technologies which would be explored during the
research project.

Reporting Requirements

The starting point for al tracking and reporting is SARA Title HI. Section 312 requires
reporting of daily averages, quantity on hand and location of hazardous materials. One of
the options within HM TS produces a report that supports Tier |1 reporting. Reports from
HMTS that are used internaly (e.g. chemical quantity by location, products containing a
specified chemical) are also detailed enough to satisfy most current local and state reporting
requirements. The new states list of regulated chemicals can be added without major
programming changes as the HMTS system is flexible.

Computer Hardware Requirements

Even though HMTS was designed with an IBM PC-based network in mind, it is generic
enough to be used with arelational database system on virtually any hardware platform.
Because the PC-operating environment is flexible and the shipyard industry needs to be on
the leading edge of technology, the decision was made to design and test HMTS with a
relational database that was supported by an industry standard network environment.

Consideration was given to other hardware platforms, e.g. minicomputers and mainframes.
However, while most shipyard environmental departments have access to these systems, the
computer system in many cases is less flexible than a PC system. Therefore, to use an
existing computer system might be cost prohibitive. Using PCs not only offloads the
computing demands from the mini or mainframe, but response time is dramatically
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improved. Shipyards that have a number of PCs aready placed throughout the yard can
inexpensively connect the machines in a network. While a 386-based PC is recommended
for using HM TS effectively, an 8088-based PC “clone” with 640K and monochrome monitor
with graphics capability will be able to use HMTS with minimal delaysin response time.
TEAM-UP isnot dependent on a particular processor and thus the more processing power,

the more efficient the system will be.
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HMTS Components

Various hardware and software tools were considered from severa viewpoints: cost,
maintenance, performance, integration with other software and hardware and user interface.

Database Selection

Many database packages were screened for their ability to meet the critical requirements of
HMTS. After the general review, the choices were narrowed to four PC-based database
products: Oracle, Clarion, DBase IV and TEAM-UP. Because of the complexity of the
project, speed of data retrieval was not the only criterion used to select the database product.
Other important criteriaincluded: end user interface, technical support, cost per additional
network user and programmer tools. Another important consideration was how well the
database package documented the tables, screens and variable definitions, so that any
conversion to another database package or hardware platform would go as smoothly as
possible. In addition, the database definition language would ideally accept the HMTS
database definition (IDEF and ERA defined data structures described in later sections) with
little or no change.

Oracle

Oracle is a very powerful, fully relational database product that runs on virtually
every hardware platform, from micro to mainframe. Unfortunately, Oracle consumes
huge resources and has performance problems on anything but a high-end machine
with at least four megabytes of memory; most shipyards will not have this class of
machine throughout the yard. The licensing per PC/workstation was also
prohibitively expensive compared to the other products considered. The best use for
Oracle was either developing an application on a PC and then moving it to another
hardware platform or putting a limited set of tools on a PC and locating the database
and most of the database access routines on the mainframe. For a shipyard, this
would not be a cost-effective or efficient solution. Making the system fast and self-
sufficient on a PC network using a number of PCs with wide-ranging hardware
configurations would preclude using Oracle. The relational database design of
HMTS, however, would make it easier to implement on a network or multi-user
system that already has Oracle.

Dbase IV

The latest versions of Dbase IV from Ashton-Tate have been plagued with bugs and
serious multi-user and access time problems. Multi-user licensing is also expensive.
Other Dbase “compatible” systems (e.g. FoxBase/Pro, Clipper) are moving away
from the Dbase “ standard”.  For these reasons it was felt that a Dbase solution would
not be acceptable for HMTS development.
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Clarion

The runtime .EXE modules from Clarion incur no licensing costs per additional user.
Screen design time is short but debugging becomes a significant problem except for
the most experienced programmer. Clarion user groups meet on aregular basisin
every major metropolitan area, providing help and ideas directly from other users that
may be having the same problems. Clarion is supported by a developer’s newsletter,
atechnical bulletin newdletter, two bulletin board systems and an independent
technical journal. Unfortunately, Clarion remains plagued by bugs and thus data
integrity may suffer.

TEAM-UP

Programs developed with TEAM-UP run in very little memory (140K Ram). The
distributing process technique used by TEAM-UP makes most operations perform
very fast. TEAM-UP comes with many built-in searches that are user friendly and
fast. TEAM-UP has afull security system and an excellent audit trail process.
Conversion from single-user to multi-user is effortless.

Although runtimes are nearly one-third of the full TEAM-UP system cogt, the fast searching,
security, TEAM-UP s proven multi-user track record, flexible procedural language, lack of
system bugs, immediate technical support and ease of use, make TEAM-UP the best database
choice. In HMTS, TEAM-UP acts as the core software which maintains all data
applications, generates all required HM TS reports and integrates with all purchased software
modules.

Bar Code Symbology

Several popular bar code formats were considered for HMTS: Code 39, Code 93/128,
Interleaved 2 of 5, Code 49 and UPC/EAN.

Code 39 (Code 3 of 9) has very widespread acceptance and is the standard in a number of
industries (e.g. defense, health and automotive). It is self-checking and can be used with a
check character for additional data integrity.

Codes 93 and 128 are high density, space-efficient alternatives to Code 39. Both contain
required one- or two-check characters for data integrity. Code 128 has three different
“character sets’, one of which allows “double density” numeric data, effectively putting
twice as much numeric information in the same amount of space.

Interleaved 2 of 5 is a numeric-only code used mainly in the distribution industry. The

fowl-length 2 of 5 readers and the “bearer bars’ (to prevent partial scans) make this an
accurate but restrictive symbology.
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Code 49 is arelatively new, high density, multi-row code. The advantages are extremely
high data security and a“footprint” that makesit easy to usein very small areasthat do not
have the room for along, single-row code.

UPC comesin several different versions. The most popular isversion A, which encodes 11
digitsinto asingle symbol. Version E isa physically small symbol (6 digitsinstead of 11)
used in situations where an 1 I-digit symbol would take up too much room. The main
application of UPC is in the retail industry, starting with grocery stores and spreading to all
retail merchandisers. *

The wide popularity of Code 39 and its presence in the defense industry made this the best
choice for HMTS. Other symbologies have a higher density or slightly more flexibility. If
there is a specific need for a particular coding system in a specific shipyard or application,
HMTS can be easily modified to accommodate these changes. In addition, most bar code
readers are equipped to automatically detect and decode a number of different formats.

Consequently, the bar codes used to identify hazardous chemical containersin HMTS make
use of the Code 39.

Bar Code Scanner

The bar coding industry is a rather mature field (the earliest patents and techniques were
developed in the early 1960s); there are literally thousands of bar code scanners on the
market. The goalsin choosing a scanner included the following criteria: ability to detect a
number of different symbologies, adaptability to different hardware devices,
programmability, portability, technical support and upgradability.

Since the intended hardware platform is an IBM PC or PC network, the first consideration
was to investigate bar code scanners that were designed to be used with IBM PCs. Theideal
scanner would also have numerous software modules and stand-alone programs available that
would make the scanner easy to use with a number of PC-based programs and languages.

Another consideration was the type of scanner (“input device”) used to read the bar code:
hand held or fixed, fixed or moving beam, contact or non-contact and portable or fixed
location. Ideally, the “decoder” portion of the bar code reader would be flexible enough to
accept a number of different input devices.

The Tricoder model T50 from Worthington Data Solutions was chosen for the development
of HMTS (see Figure 1). The particular model chosen has a medium-resolution contact
wand, is portable and its associated software modules are well under $1,000. While no
single bar code reader will be suitable for every application, the WDS Tricoder was found to
be a good solution for a number of different environments. The Tricoder ran selectively
read a number of different symbologies (e.g. Code 39, Code 128, 12 of 5, Codabar,
UPC/EAN). The recognition for each symbology can be selectively enabled or disabled to

'INTERMEC Corporation, An Introduction to Bar Code Svrnbology, Lynnwood, Washington, 1989, pp. 4-6.
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further enhance accuracy. The RS-232 seria connection can be attached to the serial port on
aPC or any device with a standard RS-232 port. The Tricoder has a powerful programming
language. The user can be prompted for items, quantities and locations. Different types of
wands can be easily substituted for the wand included with the device (laser, low/medium
visible light, high resolution infrared, mag stripe reader).

Figure 1:
Tricoder Model T50 from Worthington Data Solutions

The software available for the Tricoder also makes this reader a good choice. The BarKey
software allows input from the Tricoder to be transmitted asiif it were coming directly from
the keyboard. Other modules include laser and dot matrix printer bar code printing software,
a collection of multi-dropped reader data, label design and stand-alone label management.

Of course, the label management programs will run on a PC regardless of the brand or type
of bar code scanner being used.

The Tricoder’ s portability, rugged construction and 10,000 label memory made it ideal for

applications where it is not feasible to bring the individual labels or containersto the PC
workstation.
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The primary use of the Tricoder was to be used in an audit mode. HMTS has been designed
with several utility options and a report that work together to produce a detailed listing of
HMTS system container quantities versus quantities found in the shipyard.

The process is quite straight forward. First, the Tricoder is taken into the yard in a portable
mode with the wand attached. As the user finds containers, the bar codes are scanned. The
container |D#, area, quantity, unit, date and time are collected in the Tricoder’s memory.

Upon returning to the host computer, the Tricoder RS-232 seria connection cord can be
connected and the data transfer process can begin. A program has been written for the
Tricoder to collect this information. The program can be found among the system files. The
name of the program is"TRI_PGM". In the event that the Tricoder is purchased the
program “TRI_PGM” will need to be loaded into the Tricoder’s memory. The data transfer
process from the Tricoder to the host computer involves sending the data from the Trimder
to atext editor within TEAM-UP. The text editor gives the user a chance to review the data
before it isimported to the Yard Audit application. Once the data is transferred to the host
computer, the import process can be run. Finally, the comparison report can be generated.
The comparison report will identify where HMTS varies from what was found during the
yard audit.

Bar Code Printer

As with bar code scanners, there are hundreds of choices when considering bar code printers.
For a given application, a particular type of dedicated bar code printer may be the best
solution for a specific location or environment. However, the approach for this project was
to make the best use of equipment that a shipyard may aready have. A standard 8-pin IBM
PC compatible dot matrix printer was found to produce very high quality bar code labels
when using a newer ribbon and a medium resolution contact wand with the Worthington
Tricoder. Several other printers were tested including 24 pin printers. Similar favorable
results were experienced with the additional printers tested. For volume printing, a more
rugged or higher speed printer may be required, but the HM TS program would require little
or no change.

Bar Code Labels

For alarge number of items that need to be labeled, a standard pin-feed gummed label with a
standard printing ribbon may be sufficient to produce a label that will be readable numerous
times by an average quality bar code reader. Other environmental conditions (e.g. outdoor
storage locations, extreme heat or cold, spillage from the product itself) may warrant specia
labels. A number of alternatives are available in this case: polyester |abels, polyester
overlays for standard labels and indelible inks. A change in the type of bar code reader or
the size of the label itself may be considered if these other options fail to produce a reliably
readable label. Again, the flexibility of the hardware and software used to develop HMTS
alows these changes with minimum impact.
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HMTS can print bar codes on ailmost any size label. The limiting factor is the resolution of
the bar code scanner used.

Although the software purchased with the Worthington Tricoder device will print any size
and type of label, it was determined that a very simple label was needed for the majority of
HMTS labels. The mgjority of HMTS labels would contain ssimply the bar code and the
associated hazardous product identification number. It is easy to understand that when
considering labeling every hazardous container within a shipyard, the label must be kept
simple. During discussions with several shipyards, it was discovered that high quality pre-
printed bar codes with a sequential numbering system would be the optimum situation. Since
the bar code label would be applied during receiving, pre-printing labels for each order
seemed to be an additional burden that was not necessary. Also, by purchasing the labels
ahead of time, obtaining high quality bar codesis possible without the expense of high cost
printers. In essence, the printers used for printing bar codes in the shipyards would be used
for printing replacement labels and specialty |abels.

Chemical Database

The choices for the chemical database were quickly narrowed down to four. The best
chemicd list would have the following characteristics:

1. Large number of chemicals, most of which are used in a shipyard environment

2. File format easily converted to other database formats

3. Minimal licensing fees for using the chemical datain other applications

4. Regular updates with technical support

5. Flags or indicators included for federal or state HazMat lists (e.g. SAW 302,
California AB2588)

6. Good “front end” program that can be used to query the original database and

verify the operation of programs (such as HMTS) that may be using the same
datain a different format

While finding a chemical database that satisfied all of these criteria may seem difficult, there

is one that comes very close: CHEM Master. The following chemical databases were
considered for HMTS development:
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2,600 chemicals, 26 M
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PROS Bssentially free, large list of chemicals

CONS Not updated regularly, limited NFPA/HMIS fields, large storage requirements even after selected fields are
removed, laborious conversion from text fields to numeric fields, many SARA chemicals not in list

Roytech Suspect Chemical List .

Roytech Publications, 7758 Wisconsin Avenue, Bethesda, MD 20184  (301) 654-4281

1,500+ chemicals, 10 MB, assigned SEQ# for missing CAS numbers, monthly updates, synonyms, DB IV format files
possible, $8,500/year

PROS Leading chemical list publishing, several state lists (CA, PA, NJ; WI and CA to be added soon), some
NFPA/HMIS flags set

CONS Extremely high price, not all state lists available now, no VOC indications, special conversion to provide
Dbase IV format fiies

...
aster from Envi

avaial a aax &Y 2R Ugmiras

CHEM

P.O. Box L893, Langhome, PA 19047  (800) 527-7213

4,600 chemicals, 6 MB file size, ALL current state and federal lists (IL and federal DOT, EPA carcinogen, NJ, CA
65, CERCLA, OSHA, ACGIH, SARA 302, 304, 313; CA AB2588 to be added soon), synonyms, Dbase ITT format at

no additional conversion cost, updates twice a year or when major lists appear, $750/year plus $600/year for upgrades
and unlimited technical support, base software package included

PROS Low relative cost, all necessary fields are already in database, all state lists (except CA AB2588) are
already flagged in the database, 4,600 chemicals

CONS Large text fields are missing or brief-these fields would normaily appear on MSDS

SARATRAX from IIT Research Institute

2719 Pulaski Highway, Edgewood, MD 21040  (800) 458-1564

$600/year plus $300/year for updates, technical support for three months, 1,200 chemicals (SARA III lists only), oniy
one synonym for each chemical

PROS Form R pre-printed on laser printer are acceptable to EPA

CONS Low number of chemicals, no state lists, limited synonyms

The clear choice is CHEM Master from Envirogenics. There is practically nothing in any of

the other databases that this one does not have. This database was designed with SARA
compliance in mind. As a result, HMTS uses most of the fields in this database. It is very
easy to convert this database to TEAM-UP format and many other database formats. Ata

cost of under $1,000 (plus $600 per year for upgrades and technical support), it is the best
value in the group.
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NOTE: Because the chemical database is not a deliverable with HMTS, the end user may
either buy CHEM Master or one of the others on this list, import/convert a listfrom another
shipyard or look for another list that rnay fit their needs more closely. In any case, because
of the wide variety of file formats and types available on the market, HMTS only imports the
CHEM Master database. Other chemical databases can be imported into HMTS with
additional programming.

Another option that some yards may consider is to build the chemical list themselves from the
chemicals appearing on MSDSs. While this may be time-consuming at first, it would be the
best way to include the chemicals used at a particular shipyard. For the convenience of the
user a report has been added to list all chemicals added by the shipyard. In the case of an
update from CHEM Master, this report could be run in order to validate that the new
chemicals from CHEM Master are not the same the shipyard added on their own. Please see
the HMTS user’s manual to import the CHEM Master database into HMTS.
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Consultants Review

Throughout the development of HMTS, several consultants were utilized in determining
HMTS S ability to meet government regulations. HMTS was reviewed by the consultants
with respect to functionality, completeness and visual appeal.

The consultants were instrumental in the development of the IDEF and ERA models which
determined the underlying structure of HMTS. (See IDEF Models and ERA Design Notes
for further information).

The following paragraphs refer to several comments/suggestions made by the consultants
during the project. Comments felt appropriate were reviewed and integrated into the system.

AN =

o o

© N

10.

11.

12.

13.

14.

15.

Cursor movement is confusing in the Hazardous Product application.

Black characters on gray should be used for NFPA and HMIS aress.

Filters should be added to the reports, especialy in the container listing.
Densities should be loaded for hazardous products. Densitiesloaded in
hazardous products would then be used to calculate Tier Il reporting.

Shelf Life of Container should be added to the container application.

Open Container Date should be retained, even though it is a difficult piece of
data to maintain.

Method of calculating expiration date of container should be added.

Each container should be uniquely identified with a label consisting only of the
container identification number.

The location of Synonym should be changed to the Hazardous Product
application.

The program allows the user to bypass Date Received and Container Quantity
in the container application. Entry of the Date Received and Container
Quantity should be required.

In order to maintain this type of system where a great deal of discipline is
necessary, a newsletter of changes should be distributed to the work force
when changes occur.

Suggest Hazardous Product “Unknown Description” field be added to
Hazardous Product application. Thiswill alow containers to be checked into
inventory even though aMSDS could not be identified. Later the unknown
description will be very helpful in positively identifying the material and
assigning a hazardous product identification number.

Make the identification of responsible employee optional. Most yards will find
it difficult just to identify department, area, process, etc. The employee field
should not be removed because there may be yards that wish to track at the
employee level.

A default of one year should be used for the expiration date if no expiration
date is entered for a container.

The user should be able to empty a container versus entering in the exact
amount to zero out a container.
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16.  Asthe system isimplemented, it is suggested that the shop floor personnel be
directly involved in entering in the use of container amounts versus having the
results pooled and entered at a central location. To accomplish this the system
will need to be user friendly since non-computer literate workers will be using
the system. A formal training program is highly recommended. Possibly the
use of video tapes could assist in the training process. This tends to instill a
sense of ownership.

17.  Add the ability to identify the Plant or site that the container is assigned.

18.  If possible, audit trails should be added to the container application such as
record stamping of username, date and time. Also, being able to review
deleted records and old updated records would be a big help in determining
where a container got off track.

19.  Add an application that allows the addition of many hazardous product
chemica component records.

20. Addan application that alows the multiple entry of containersthat are exactly
the same. This would be used when a shipment is recelved with cases or
pallets of the exact same materia; the only difference being the container
number.

21.  When material isreceived in very small amounts such as tubes, assign a
container number to the case versus each tube.

22.  When material is moved from one department to another, have the department
who is moving the material to another department be responsible for entering
the transfer record.

23.  Make sure the report generating information to support Tier I reporting flag
those chemicals that go over the Threshold Planning Quantity.

24.  The reader of the final report should realize that the program will require a
significant degree of discipline from the work force. But thisis possible since
the program allows for the user to gradually work into full tracking. In other
words, the user can start by tracking 55 gallon drums and higher, than move
to five-gallon pails and higher and finally move to gallon pails and higher, etc.

It was suggested by the consultants that alabel consisting of only a container number be
applied to every container. Asthe containers enter the production area, HMIS and NFPA
labels could be applied. The importance of the container label is that it can quickly be
applied and not slow down the receiving check-in process.

If acontainer that was being checked in did not appear on the shipyard’ s list of approved
Hazardous Products, the description of the unknown product could be recorded. When
receiving has time, unknown products could be tracked down and either assigned the correct
hazardous product identification number or be identified as needing a hazardous product
identification number.

The consultants proved to bean invaluable source of information in keeping HMTS on a

development path that paralleled U.S. shipbuilding practices and production limitations and
congtraints.
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Database Design

The design of the HMTS database was the first and most important step of the project. Any
mistakes made in this phase would be magnified in later steps, possibly requiring major
programming changes late in the development cycle.

The scope of the project needed to be defined first. Will this system only track hazardous
chemicals or should hazardous wastes and the associated paperwork with shipping manifests
be considered? Will the system enhance or completely replace the hard copy MSDS system?
Should employee training and certification be considered?

Within the constraints of the contract, it was determined that only hazardous chemicals would
be tracked and reported. Of course, any chemical in any quantity can be tracked for
inventory purposes. The focus of the system was to maintain the list of those chemicals that

must be reported to local, state and federal agencies if used, stored or otherwise processed
over certain quantities.

Employee training was not considered to be in the scope of the system, and only the key
fields from the MSDS would be entered into the system.

The database design was accomplished in atwo-phase hybrid approach: the fuctional design
using IDEF and the database tables using ERA. These two methods are further detailed in
the next two sections.
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IDEF Models

Thefirst step of the "hybrid" approach usesthe IDEF, (ICAM Definition-0) methodology to
define the functional model of a shipyard: the "as-is" or "to-be"*of the day-to-day
operations of hazardous materials tracking in a shipyard. In the case of HMTS, the "ideal"
shipyard was modeled. No data or files are defined in this step; the ERA Design Notes
section details this second step using the ERA (Extended Relational Analysis) method.

IDEF was developed by the United States Air Force during the 1970s as the mainstay of its
ICAM Program. ICAM was intended to "bootstrap the American aerospace industry into the
Factory of the Future technology.” To do this, it developed a generic architecture of
manufacturing and a language to build and maintain that architecture. IDEF,and its
companion methodologies, IDEF, and IDEF,, were intended to be used to create the "as-is"
model of current operations and the "to-be" model of future operations. The ICAM program
was cited by the National Academy of Sciences as being one of the most significant
technology development programs ever conducted by the government.’

IDEF methodologies are in widespread use in the military, aerospace industry, automotive
industry and numerous other Fortune 100 companies for software engineering, factory
modernization, corporate restructuring and planning. In addition, Peterson Builders, Inc. in
Sturgeon Bay, Wisconsin is using IDEF extensively for shipyard shop floor control.’A
project is also underway at the David Taylor Research Center to model the operations of an
entire shipyard using IDEF,and | DEF, techniques.

The IDEF layouts are detailed in one of the appendices.

’IDEF Terminology: “current state” or “ideally”.

‘Manufacturing Systems, Redesigning the Coloration with IDEF's Help, December 1988, p. 26.

‘J. Jessup and J. Rogness, Approaching Shipyard Shop Floor Control Using IDEF Systems Analysis Tools, SNAME
1990 Ship Production Symposium, Milwaukee, Wisconsin, August 23, 1990.
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ERA Design Notes

The ERA (Extended Relational Analysis) method was used for the second phase of the
database design: the data files (tables) and fields (data elements) that define the information
stored in the database. While IDEF, can also be used for this process, it was found that the
ERA method would produce the table designs more quickly and in a more straightforward
manner. The IDEF, diagrams were still akey element in the table design process, however.

ERA is a database design process whose key element is an interview process that uses
simplified terminology to produce a set of tablesin third normal form. There are no notes,
bubbles, diagrams or arrows--just a set of tables that can be populated with data supplied by
the users. The implementation of the relational database is a straightforward translation from
tables on paper to tables on the computer.’

The ERA method evolved from a need for a ssimpler tool, one which would be easier to
understand than the high learning curve that IDEF,, requires. No complex diagramming
methods or graphics packages are necessary for ERA. The acronym ERA also stands for
Entities, Relationships and Attributes, which are the three main elements of an ERA design.

Refer to the Application Listings in the TEAM-UP Specifics appendix.

‘Information Center, Basic Data Modeling, September 1988, p. 30.
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Proposed HMTS Model

The Proposed HMTS Model represents how all entities affected by HM TS fit together. The

model traces the path that a container would take as it makes its way from the receiving area
to production. Although this project has not actually been implemented, the following list of

activities is proposed as a typical set of procedures to follow in handling hazardous chemicals
in HMTS. Many of the methods mentioned in handling hazardous chemicals come from the

environmental consultants that were involved in this project.

1
2.

3.

4.
5

Hazardous container is received
MSDS is sent to the HMTS responsible department
a HMTS is updated with new MSDS information

b. Container is labeled with a container bar code id#
C. If appropriate, HMIS or NFPA labels are placed on container
d. Receipt of container information is put in HMTS

Containers are sent to WHSE or directly to production where move
information of container is entered into HMTS

Use information is entered into HMTS via production personnel
HMTS reports are generated

Please see Figure 2 for an example of the HMTS proposed sequence of events.

HMTS Final Report 19



Container MSEDS Malled
with / without Recaiving MSDS roml “.”"’ds From
MSDS Manutacturer
or both
1 Container information
Contalner Safety of HMTS 2 Product information
Responsible 3 Product lnventory Updats
Dept. 4 Responsible Empioyes
tabel 2 5 Area/Dept Container Stored
6 MSDS Scanning
1 8 7 Chemical information
7 8 Al information
9 HMTS & NFPA information
2 10 Fila Maintenancs
9 11 Audit Information
3
Warehouss  |————————J» et ——— 10
R ot ——
P HMTS ] —————
L] —————— HMTS
Roports

Work Stations

Production

Figure 2:
HMTS Proposed Sequence of Events

HMTS Final Report 20



System Calculations

Calculations within HM TS are very similar throughout the program. For example,
explaining how Tier Il report numbers are generated will best demonstrate the calculation
methods used in HMTS.

Throughout the program all values are consistently converted to either gallons and then
pounds whether or not metric units are used. Containers that are entered into the Container
application are entered with a quantity and a unit. If the unit is a metric volume unit, the
quantity is converted to gallons.

Next, the gallons are converted to equivalent pounds using the density entered in the
Hazardous Product application. The Container application and the Hazardous Product
application are linked via the Hazardous Product | D#. The equivalent pounds would then be
multiplied by the chemica "% by weight" value entered in the Hazardous Product Chemical
Component application. The resulting value in pounds represents the pounds on hand of a
particular chemical.

The program performs these same basic conversions over all the containers entered in the
container application for a given reporting period. During the process the program is aso
tracking the number of days on site, the maximum value on hand and the average daily
amount on hand. The final figures are then broken down by storage area. This information
is needed for Tier Il reporting.

VOC emissions are calculated in much the same manner, except instead of using the density,
the VOC pounds per gallon or the metric equivalent is used.
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User Interface

Screen Layouts

Each database development product lends a certain "look and feel" to the final program
product. TEAM-UP is no exception. The default "style" of TEAM-UP generated
applications consists of four elements. Menus, Applications, Reports and Utilities.

Menus allow the user to select other menus, applications, reports or utilities. Each menu
contains options that the user can select. Each report within HM TS will have these report
option numbers stamped in the upper right hand corner. This makes any correspondence
about a particular report very easy. Aslong as the particular report option number is
known, it isvery easy for the programmer or other users of the system to acknowledge
which report isin question. This logic aso holds true for any option found on menus. As
long as the option number is known, traceability is not a problem.

Applications will contain data. Each application will be made up of two main areas, the
application screen and its corresponding one-liner screen. In short, the application screen
will contain all the fields of the application. The user may search by every stored field in an
application. The one-liner screen isaquick listing of the records contained within a
particular application. The one-liner screen allows the user to quickly browse the records
without having to look at al the data contained in every application. In genera a CTRL key
followed by a letter will be used to invoke al procedural language functions such as updates,
enters, deletes, etc.

Reports can be generated in the same manner in which an application is called up. An
option number is selected and the report will start running. In most cases, after the report is
regquested, the user will be prompted for a destination of the report: screen, file or printer.
The default destination is to the screen. Although there are reports that do not have al three
of these choices due to special circumstances, most reports have all three options. Some
reports will prompt the user for falter data. In all cases, if the filter datais left blank, all
records in the application will be processed unless additiona filters have been chosen. Most
reports can be aborted by hitting escape.

Utilities pertain to menu options that call imports: report design menus, system security,
system configuration, programs outside of TEAM-UP, etc.

There is a complete TEAM-UP reference manua for HMTS provided in one of the

appendices. It is highly recommended that the user refer to the appendices prior to using
HMTS. Vauable searching and system configuration information is explained in detail.

Screen Graphics

High resolution graphics are not extensively used at thistime. There are no modulesin
HMTS that would benefit from a graphic screen; however, possible development of an
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MSDS scanning/image system will require a graphics interface package and a medium to
high resolution monochrome or color screen. Any additional functionality requiring pie
charts, X-Y graphs or red-time high resolution monitoring will necessitate the use of either
an external graphics package or additional HMTS modules.

Keyboard Layout/System Help

As with the screen layout, the keyboard has a standard set of keys that work identically or
similarly on any screen in HMTS. For example, hitting [HOME] followed by [F1] will
show the standard keyboard functions. Application-specific help can be obtained by hitting
[F1] in any field within an application. In all applications, if there are any special
procedures that perform operations, the procedures will be invoked by pressing [CTRL]
followed by the letter corresponding to the procedure. The corresponding letter will be
found on the lower portion of the screen.
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Ten-Day Test Period

The intention of the ten-day test period was to test the user friendliness of HMTS and
attempt to emulate area world situation. In actuality, the ten-day test period lasted several
months. It was determined during project development that the functiona and integration
testing which was performed during the test period would indeed have to be repeated many
times as new releases of the software were completed. Consequently, the duration was
expanded.

The functional and integration testing proved very helpful in identifying many of the errorsin
the system. The test plan allowed the a pha software to be put through the paces of ared
world shipbuilding environment without going through a complete implementation phase
where testing costs would be far higher.

The tenth day of the testing period has been included in the final report. Please see the tenth
day reports for examples of how each report looks after ten days of information has been
loaded into HMTS.

HMTS Final Report 25



TEST COMPANY NAME, INC. REPORT DATE: 01/14/92 TEST COMPANY NAME, INC. REPORT DATE: 01/14/92
HAZARDOUS MATERIAL TRACKING SYSTEM REPORT#: 61 HAZARDOUS MATERIAL TRACKING SYSTEM REPORT#: 61
PAGE#: 1 PAGE#: 2

CONTAINERS BY DEPARTMENT AND AREA CONTAINERS BY DEPARTMENT AND AREA

DEPT: 0001 INSIDE PIPING DEPT: 0002 OUTSIDE PIPING

AREA: 0003 BUILDING 2] TOGL ROCM AREAt 0012 NAREOUSE B TOQL ROCHM BN 18
CONT# 2RODY DESCRIPTION OONT PRES TEM CURRENT  UNIT DATE AT COHT? PRODH DESCRIPTION OONT PRES TEMP CURRENT  UNIT DATE LAST
TYPL TRE TYPE (UNTITY JECEIVED CHANGE TYPE TYPE TYPE  QUANTITY RECEIVED CHANGE
000025 005028 MIL-P RED DYE [} 1 H s P 01/03/91 01/03/91 000039 005017  2-PIENYLPHENOL, 99% E 1 4 0 G 01/04/91 0)/08/91

uoday Teuly SLINH

9¢




TEST COMPANY NAME, INC. REPORT DATE: 01/14/92
HAZARDOUS MATERIAL TRACKING SYSTEM REPORT#: 61
PAGE#: 3
CONTAINERS BY DEPARTMENT AND AREA
DEPT: 0003 OQUTSIDE MACH
AREA 0001 PAINT DEPAXDMENT SMALL PAXTS NOCH
CONTZ  PROOS  DESCRIPTION CINT  PRES  TD®  CURRENT  UMIT DATE st
TPL T TV QUMITITY RECEIVED CHMNGE
000036 005027  INTERGARD EPOXY r 1 4 20 P 01/04/9) 01/04/91
MRIAT 0004 LMMINATING EAST SHOP TLOOR
CONT®  PAOD!  DESCRIPTION CONT  PRES TDM CURRENT  UNIT DATE LAST
TRL  TYRE TYPL  QUANTITY NECEIVED CHMNGE
000003 005016  INTERZING SILICATE AED BIIDER o 1 4 [ G 01/01/91 01/09/91
AREAS 0015 PIPL SHOP WATER FRONT TOOL BOOTH
CONTd  PRODI  DESCRIPTION CONT  PRES TR CURRINT  UNIT DATE LAST
TL TYPE TVPE QUNTITY RECEIVID  CHANGE
000030 005022 124 ENMMEL, HABITABILITY COLORS N 1 4 1092 0 01/09/91 01/09/91
ARZAT 0018 RIOGING BACK OITICE
CONT?  PRODS  DESCRIPTION CONT PAES TR CURRENT  UNIT DATE Last
TRE T TYPE  QUANTITY RECEIVED CHANGE
000088 005016  INTERZING SILICATE KID BIHDER [ 1 4 536 P 01/09/31 01/09/91
000083 005028  INTEMCLENE N 1 [ 1136 0 01/09/51 01/09/91
ANZA; 0020 ENGINEERING SUPPLY SHELF 12
COMIS  PROOI  DESCRIPTION CONT  PRES TDM CURRENT  UNIT OATE 1AsY
TPL T TOE QUANTITY RECEIVED  CHNGE
000042 005021  ANTI-FOULING DOTIOM PAINT c 1 [ s G 01/04/91 01/0%/91

yodey reuiy SINH

L7

TEST COMPANY NAME, INC. REPORT DATE: 01/14/92
HAZARDOUS MATERIAL TRACKING SYSTEM REPORT#: 61
PAGE#: L]
CONTAINERS BY DEPARTMENT AND AREA
DEPT: 0004 INSICE HACH
AREAD 0002 BLAST BOOTH
CONT¢  PROOF  DESCRIPTION CONT PRES TP CURRENT  INIT DAE LAST
TYWPE TYPE TYPE QUMTITY RECEIVED CHMGE
000096 003017  2-PIENYLRIEHOL, 99V c ) 4 104 Q 01/10/91 01/10/91
AREAt 0012 HAREHOUSE 8 TOOL ROQY BIN 18
CONTY  PROO}  DESCRIPTION CONT PRES TEMP CURRENT  UNIT DATE LAST
TRE TYPL  TYPE  QUANTITY RECEIVED CHMNGE
000095 005027  INTERGARD EPOXY B 1 4 1104 L 01/10/91 01/10/9)
AREA$ 0014 PIPE SIOP MAIN TOOL ROOM
CONT#  PROD?  DESCRIPTION CNT  PRES TEMP  CQURRENT  UNIT OATE LAST
TYPE  TYPE  TYPE  QUMNTITY RECLIVED CHANGE
000047 005020  INORGANIC GLASS o 1 14 1002 P 01/05/91 01/05/91
AREA: 0018 RIGGING BACK OFFICE
CONT?  PRODE  DESCRIPTION CONT PRES TEMP CURRENT  UNIT DATE LAST
TYPE  TVPE  TYPE  QUANTITY RECEIVED CHMIGE
000012 005021  ANTI-FOULING DOTTCM PAINT F 1 ‘4 50 G 01/02/91 01/02/91




TEST COMPANY NAME, INC. REPORT DATE: 01/14/92
HAZARDOUS MATERIAL TRACKING SYSTEM REPORT#: 61
PAGE#: 5
CONTAINERS BY DEPARTMENT AND AREA
DEPTS 0005 PAINTING
AREAT 0008 DIFPING BOOTR
CONF#  PRODE  DESCRIPTION CINT PRES TR CURRENT  UNIT DATE 1AST
TRL TV TWL  QUANTITY RECEIVED CHNNGE
000059 005022 124 ENMMEL, HABITABILITY COLORS 3 1 4 1 K 01/06/31 01/06/9%
AREA: 0014 PIPE SHOP MAIN TOOL NOOM
CONT#  PROO}  DESCRIPTION CONT PRES TEMP CURRENT  UNIT OATE 1AST
TRE TYE TWE  QURITITY RECEIVED CHNMGE
000057 005031  INTERPIATE AED FERNO/ZINC SILICATE N 1 4 1 T 01/06/9) 01/06/9)

woday 1euly SINH

8¢

TEST COMPANY NAME, INC.
HAZARDOUS MATERIAL TRACKING SYSTEM

REPORT DATE:
REPORT#:

01
61

/14/92

PAGE#: 6
CONTAINERS BY DEPARTMENT AND AREA
DEPT1 0006 INSULATING
AREAT 0002 BLAST BOOTH
OONT#  PRODI  DESCRIPTION COHT PRES TP CURRENT  UNIT DATE LasT
TRE TYPE TWE QUANTITY RECEIVED  CHANGE
000026 005029 CGH 8361 CLEAR CROWN SILICATE 1 1 4 69 P 01/03/91 01/08/9)
AREA: 0006 MACHING TOOL ROOM
CONT§  PROD!  DESCRIPTION CNT  PRES TERMP CURRINT  UNIT DATE LAST
TRE TYPE TYPE  QUANTITY RECEIVED CHANGE
000003 005016  INTERZINC SILICATE RED BINOER K 1 4 80 P 01/01/91 01/01/91




TEST COMPANY NAME, INC. REPORT DATE: 01/14/92
HAZARDOUS MATERIAL TRACKRING SYSTEM REPORT#: 61
PAGE#: 7
CONTAINERS BY DEPARTMENT AND AREA
DLPT: 0007 CARPENTRY
AREA1 0001 PAINT DEPAKIMENT SMALL PAXTS MOGH
CONT!  PR